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(57)Abstract: 

PROBLEM TO BE SOLVED: To develop a method 
wherein a cost merit is obtained by higher productivity 
per working machine, regarding a semiconductor wafer 
having regulated quality. 

SOLUTION: In the state that a semiconductor wafer is 
positioned in a carrier 1 which is rotated by an outside 
ring 6 having drive pins and an inside ring 5 having drive 
pins, the semiconductor wafer is moved in a part 
between two grinding surface plates 7 which are rotated 
reversely to each other by using movement forms which 
can be drawn by a prescribed orbit curve which is 
relative to an upper side working surface plate and a 
prescribed orbit curve which is relative to a lower side 
working surface plate. In this case, both of the orbit 
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curves have external appearances which are still opened after six loops around a central point 
are formed and have a curvature radius of at least the same size as a radius of the inside 
drive ring, at each part. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] It is an approach for carrying out ingredient removal processing of the semiconductor wafer 
which has a front face and a rear face to coincidence by both sides. An outside drive ring with an 
annular semiconductor wafer, In the condition of being located in the carrier rotated with the drive ring 
of the annular inside Between two activity surface plates which rotate this semiconductor wafer of each 
other to the reverse sense In the approach of the format of making it exercising to an upper activity 
surface plate in the movement format which can be drawn by the relative predetermined orbital curve to 
a relative predetermined orbital curve and a lower activity surface plate, respectively It has the 
appearance which both orbital curves still opened after formation of six loop formations involving (a) 
central point, and (b) ~ the approach for carrying out ingredient removal processing of the 
semiconductor wafer to coincidence by both sides characterized by having the radius of an inside drive 
ring, and the radius of curvature of the magnitude same at least in any parts. 

[Claim 2] The method according to claim 1 of carrying out ingredient removal processing performed to 
coincidence by both sides as double-sided polishing performed to the bottom of at least 2-micrometer 
semiconductor material removal between two turn tables covered with the polishing pad. 
[Claim 3] The approach according to claim 2 by which it is located in two or more notches which were 
prepared in two or more even carriers with which a semiconductor wafer consists of steel, respectively, 
and which were lined with the plastics of the almost same thickness as a carrier, and only 2-20 
micrometers also of average thickness halfbeaks of the semiconductor wafer which the average 
thickness of a carrier finished grinding are set up small. 

[Claim 4] The approach according to claim 2 or 3 the removal rate of a semiconductor material is a part 
for at least 0.65-micrometer/. 

[Claim 5] The approach given [ to claims 2-4 ] in any 1 term only 3-10 micrometers also of average 
thickness halfbeaks of the semiconductor wafer which the average thickness of a carrier finished 
grinding are set up small, and the amount of removal of a semiconductor material is 5-50 micrometers. 
[Claim 6] The approach given [ to claims 2-5 ] in any 1 term which grinds the semiconductor wafer of at 
least three sheets to coincidence, and uses at least three carriers for coincidence. 

[Claim 7] The method given [ to claims 2-6 ] in any 1 term of having the degree of hardness (Shore A) 
of 50-100 which uses the polishing pad of the upper and lower sides which consist mainly of 
polyurethane, and supplies continuously the abrasive material which has 1 - 5% of the weight of a Si02 
solid-state content, and the pH value of 9.5-12.5. 

[Claim 8] The method given [ to claims 2-7 ] in any 1 term of removing an almost equivalent ingredient 
from the field on a side front, and the field on a background by setting up the average orbital velocity 
which can compare a relative semiconductor wafer to an upper turn table and a lower turn table. 
[Claim 9] The method given [ to claims 2-7 ] in any 1 term of removing many ingredients from the field 
on the side front of a semiconductor wafer rather than the field on a background by setting up the 
average orbital velocity of a relative semiconductor wafer more highly to an upper turn table compared 
with the average orbital velocity of a relative semiconductor wafer to a lower turn table. 
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[Claim 10] The method according to claim 1 of carrying out ingredient removal processing performed to 
coincidence by both sides as a double-sided wrapping step performed between two lap surface plates to 
the bottom of at least 10-micrometer semiconductor material removal. 

[Claim 11] The method according to claim 10 of being located in two or more notches which were 
prepared in two or more even carriers with which a semiconductor wafer consists of steel, respectively 
and which were lined with plastics, and exercising between two lap surface plates which consist of the 
steel which equipped the bottom of supply of the suspension containing an abrasive grain with the path- 
like crevice. 

[Claim 12] The method according to claim 10 or 1 1 of removing an equivalent ingredient from the field 
on a side front, and the field on a background. 

[Claim 13] The method according to claim 1 of carrying out ingredient removal processing performed to 
coincidence by both sides as a double-sided grinding step performed to the bottom of at least 10- 
micrometer semiconductor material removal between two activity surface plates covered with the 
grinding stone. 

[Claim 14] The approach given [ to claims 1-13 ] in any 1 term used within the process chain for 
manufacturing the semiconductor wafer which consists of the silicon which is equal to 0.13 micrometers 
or has the local site display flatness SFQRmax smaller than it concerning a 25mmx25mm configuration 
component side in the approach concerned. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] The orbital curve by which the relative semi-conductor disk (wafer), i.e., a 
semiconductor wafer, was optimized to the upper processing surface plate and the lower processing 
surface plate is used for this invention, and it relates to the approach for carrying out ingredient removal 
processing of the semiconductor wafer to coincidence by both sides. 
[0002] 

[Description of the Prior Art] slicing-edge RAUNDINGU using; sow which includes a multiple- 
processes step which lists a series of typical processes (it is called a "process chain") for manufacturing 
a semiconductor wafer to a degree, bevel-wrapping, or a grinding-wet ~ the cleaning step performed 
before and after process [ at least / some ] step of the process steps mentioned to chemical etching- 
polishing and a chemical top. In a semiconductor wafer to use as a start product for manufacturing the 
configuration component of .the next generation which has the line breadth of 0.13 micrometers or 0.10 
micrometers especially, a high demand is imposed to parallel smoothness and display flatness. This is 
equal to 0.13 micrometers about the 25mmx25mm configuration component side which is the scale of 
surface smoothness, or 0.10 micrometers, or the display flatness SFQRmax smaller than it (SFQR=site 
front-surface referenced least squuares) can express it in the example given above. Such a demand can 
be met by carrying out at least one manufacture step in a process chain as a step which processes the 
front face and rear face of a semiconductor wafer into coincidence. The examples of such a process are 
double-sided wrapping, double-sided grinding, and double-sided polishing, and it carries out as a single 
wafer process (single-wafer-processing process), or these processes may be carried out, carrying out 
coincidence processing of the semiconductor wafer of about 5-30 sheets. 

[0003] The technique which carries out double-sided wrapping of two or more semiconductor wafers is 
considerably known for some time by coincidence, for example, it is indicated by the Europe patent 
application public presentation No. 547894 specification. A suitable facility of two or more 
manufacturers of various sizes is available in a commercial scene, in this case, a semiconductor wafer is 
called a "lap surface plate" by this contractor to the bottom of supply of the suspension containing an 
abrasive grain (Abrasivstoff) — cooking — **** — between the activity surface plates of the upper and 
lower sides equipped with two or more paths for consisting of steel and distributing suspension good, it 
is made to exercise, being pressurized by a certain amount of pressure, and, thereby, a semiconductor 
material is removed. In this case, a semiconductor wafer is held in accordance with a predetermined 
geometric orbit with the rotation disk which was rotated with the drive ring and which is called a 
"carrier" equipped with two or more notches for holding a semiconductor wafer. 

[0004] The duty of wrapping is removing the damaged layer near [ which was formed at the time of the 
sewing in the slicing process of a semiconducting crystal ] the front face ("damage"), and forming the 
thickness and parallel smoothness of a convention of a semiconductor wafer. The typical amount of 
removal is 20 micrometers - 120 micrometers of semiconductor materials, and, as for this amount of 
removal, it is advantageous to be distributed to homogeneity to both sides of a semiconductor wafer. 
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[0005] The approach for carrying out double-sided grinding of the semiconductor wafer is also learned 
too, and, recently, it is increasingly used mostly as a means replaced with wrapping based on a cost 
advantage. In relation to this, the method of processing two or more semiconductor wafers into the 
Federal Republic of Germany patent application public presentation No. 19626396 specification at 
coincidence is indicated. This approach is performed using movement in double-sided wrapping, and 
movement of a similar semiconductor wafer. The same duty as wrapping is imposed on double-sided 
grinding in this case. That is, the comparison also of the typical amount of removal is attained. 
[0006] The approach for carrying out double-sided polishing of the semiconductor wafer evolves 
wrapping, in this case, the even turn table which was able to stick abrasive cloth or a polishing pad uses 
it instead of the lap surface plate of the upper and lower sides which are an activity surface plate — 
having ~ and — cooking ~ **** — the polish suspension (polish slurry) containing the colloid stabilized 
by alkalinity is supplied. According to the publication of a U.S. Pat. No. 5855735 specification, if 6% of 
the weight (wt%) of solid-state concentration is exceeded, the shift to the mechanical double-sided 
rough polish in wrapping mode from chemical double-sided polish will be performed. 
[0007] Also in this case, a semiconductor wafer is made to exercise in accordance with the specified 
orbit with the rotated carrier in the turn table of the upper and lower sides which generally rotate to the 
reverse sense mutually. The polishing machine relevant to this is indicated by for example, the Federal 
Republic of Germany patent application public presentation No. 10007390 specification. The approach 
for carrying out double-sided polish of the semiconductor wafer, in order to obtain high display flatness 
is well-known based on the Federal Republic of Germany patent No. 19905737 specification, and only 
2-20 micrometers of the thickness of the semiconductor wafer which it finished grinding in this case are 
not larger than the carrier which consists of special steel. If this approach is used, the site locally display 
flatness value expressed as SFQRmax about the grid pattern which has a 25mmx25mm configuration 
component side is equal to 0.13 micrometers, or a semiconductor wafer which becomes smaller than it 
can be obtained. Such a semiconductor wafer is equal to 0.13 micrometers, or needed for the semi- 
conductor configuration component process of having line breadth smaller than it. The approach for post 
processing by double-sided polishing is indicated by the Federal Republic of Germany patent No. 
19956250 specification. In order to protect the edge of a semiconductor wafer, if the carrier has the 
notch lined with the plastics for holding a semiconductor wafer by the configuration given in the Europe 
patent No. 208315 specification, it is convenient. Lining the notch of a carrier with such plastics is an 
approach cunently frequently used also in wrapping. 

[0008] The duty of double-sided polishing is removing the crystal layer and surface roughness 
(granularity) of etching which adjusts the final parallel smoothness and the display flatness of a 
semiconductor wafer, and follows a last process, for example, wrapping, or grinding, and this by which 
processing deterioration was carried out. Based on the field on the ground background where the particle 
adhesion inclination was reduced being conjointly acquired with this, at the time of manufacture of a 
semiconductor wafer with a diameter of 200mm or more, it is more remarkable than one side polishing 
of the field on a side front, and such an ingredient removal polishing method especially is important at 
the same time the high display flatness of the semiconductor wafer by which double-sided polish was 
carried out is obtained. The typical amount of removal is 10 micrometers - 50 micrometers of 
semiconductor materials in this case. 

[0009] In double-sided polishing, an equivalent ingredient is mostly removed from the field on the side 
front of a semiconductor wafer, and the field on a background. The method realizable at the rotational 
frequency by which the upper turn table was raised to the international public presentation/[ 00th ] No. 
36637 pamphlet in double-sided polishing of leaving the crystal layer which deteriorated intentionally in 
the wafer side with the amount of ingredient removal in the raised side front is indicated to it. Covering 
[ according to the publication to the Federal Republic of Germany patent application public presentation 
No. 19704546 specification ] of the rear face by the approach of a multistage type, i.e., double-sided 
polishing -, for example, an oxide, - Such asymmetric ingredient removal can be performed also by the 
approach of consisting of the step of double-sided polishing for the second time. 
[0010] In order to maintain competitive strength as a manufacturer of a semiconductor wafer, offering 



http://www4.ipdl.inpit.go.jp/cgi-bin/tran_web_cgi_ejje 



1 1/27/2007 



JP,20O3-077870,A [DETAILED DESCRIPTION] 



Page 3 of 14 



the process and approach of enabling manufacture of the demanded quality at the lowest possible cost is 
approached. The important point used as a key is raising the production rate of the semiconductor wafer 
per machine even to highest possible extent. In the case of double-sided polishing, this means realizing 
the high elimination factor or removal rate (Abtragsrate) relevant to high working life of a polishing pad, 
for example. The same thing can be said also about the wrapping method and grinding method which 
work for double-sided processing. However, in the case of an activity surface plate, the life of a lap 
surface plate or a grinding stone surface plate poses a problem instead of the life of a polishing pad. 
[001 1] The fault of these approaches by the well-known advanced technology is that it is impossible to 
realize the raised machine throughput or the shortened cycle time in the specified amount of ingredient 
removal in double-sided wrapping, double-sided grinding, and double-sided polishing, maintaining the 
absence of a specific product property, for example, high display flatness, and/or a surface scratch. By 
raising a processing pressure, the attempt in which the removal rate of a semiconductor material is raised 
causes inferior-izing of display flatness, and/or generating of a surface scratch, thereby, it cannot be 
processed succeedingly but after treatment of the wafer manufactured in this way must be carried out, 
applying the cost time and effort which was discarded or was raised. 

[0012] It is indicated that the orbital curve of a relative semiconductor wafer is related to a polishing pad 
at the ratio of the rotational speed n of the m pairs of rotational-speed carrier of a polishing pad in one 
side polishing of the semiconductor wafer of one ** made to exercise through the turn table which 
similarly rotates so that it may be held by the carrier and may rotate centering on the central point on 
U.S. Pat. No. 6180423 specifications. That is, such a thing for which a polishing pad is covered as much 
as possible by homogeneity by the orbital curve of the shape of spiral or a spiral is indicated. This is 
attained by the highest possible least common multiple of m and n. As an advantage, the removal rate 
and the improved polishing pad life raised permanently are checked. The fault in the well-known 
advanced technology which also described this approach in the top cannot be buried. Because, rotation 
of the ingredient removal-processing method which works by both-sides side, i.e., a carrier A 
translational motion centering on a relative machine core is overlapped to the turn table. Therefore, it is 
because application by the ingredient removal-processing method for being considered instead of the 
degree of freedom of 2 in the degree of freedom (rotational frequency of the driving gear the rotational 
frequency of an upper surface plate and a lower surface plate and inside a carrier and an outside driving 
gear) of 4 is impossible. 
[0013] 

[Problem(s) to be Solved by the Invention] The approach for following, for example, carrying out 
ingredient removal processing of the semiconductor wafer to coincidence by both sides by wrapping, 
grinding, or polishing was improved, and the technical problem that the approach that a cost advantage 
is brought about according to the still higher production rate of the semiconductor wafer of quality with 
which per processing machine was specified was developed was imposed. 
[0014] 

[Means for Solving the Problem] The object of this invention is an approach for carrying out ingredient 
removal processing of the semiconductor wafer which has a front face and a rear face to coincidence by 
both sides. An outside drive ring with an annular semiconductor wafer, In the condition of being located 
in the carrier rotated with the drive ring of the annular inside Between two activity surface plates which 
rotate this semiconductor wafer of each other to the reverse sense In the approach of the format of 
making it exercising to an upper activity surface plate in the movement format which can be drawn by 
the relative predetermined orbital curve to a relative predetermined orbital curve and a lower activity 
surface plate, respectively It has the appearance which both orbital curves still opened after formation of 
six loop formations involving (a) central point, and (b) — it is the approach for carrying out ingredient 
removal processing of the semiconductor wafer to coincidence by both sides characterized by having the 
radius of an inside drive ring, and the radius of curvature of the magnitude same at least in any parts. 
[0015] 

[Effect of the Invention] In other words, both orbital curves are not closed in itself after formation of 
loop formations fewer than six or it involving the central point, or will hardly be closed in itself, but, 
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moreover, not both orbital curves will have the radius of curvature smaller than the radius of curvature 
of an inside drive ring in any parts. 

[0016] About the configuration, the orbital curve by this invention differs from the severe spiral curve of 
one side polishing by the well-known advanced technology, when the drive of a carrier and the drive of 
an activity surface plate are overlapped on two or more movements. The upper activity surface plate of 
the big description of this invention is [ a lower activity surface plate ] also that direction change all not 
only being covered with homogeneity by the orbital curve of relative semiconductor wafer movement 
but rapid is not performed to an activity surface plate, either. For example, based on the 1st demand, 
uniform wear and quick playback of the upper and lower sides of a polishing pad are guaranteed, and, in 
the case of double-sided polishing, risk of also causing destruction of the semiconductor wafer 
according [ based on the 2nd demand, the transit format which a semiconductor wafer does not have is 
avoided, and ] to the advance from a carrier by this, vibration of a carrier and/or the tilt of a 
semiconductor wafer as a result aggravation of display flatness, and when the worst is avoided. It is 
unexpected that such relevance exists and it was not able to foresee at all. It can say that it is the same as 
that of the consideration result of having described double-sided polishing also about double-sided 
wrapping and double-sided grinding. 

[0017] The start product of the approach concerned is the semiconductor wafer which was separated 
from the crystal, and edge RAUNDINGU was carried out in the well-known format, and was given to 
another process step depending on the case. This semiconductor wafer may have sewing or the front 
face by which slicing was carried out, or grinding was carried out, or was etched, or was ground or 
epitaxial growth was carried out according to the approach and the purpose setup. The edge of a 
semiconductor wafer may be ground according to the request. 

[0018] The final product of the approach concerned is the semiconductor wafer which double-sided 
wrapping was carried out, double-sided grinding was carried out, or double-sided polish is carried out, 
has high display flatness and non-scratch nature, and surpasses further the semiconductor wafer of this 
quality manufactured by the well-known advanced technology in respect of the manufacturing cost. 
[0019] By wrapping, grinding, and polishing, the approach by this invention can be used in order 
[ which consists of the ingredient which becomes processible by these approaches ] to carry out double- 
sided processing of the body of the shape of a various disk variously. Such ingredients are glass, for 
example, the glass which made the silicon dioxide the subject, and a semi-conductor, for example, 
silicon, silicon / germanium, and a gallium arsenide. The silicon of the form of the single crystal for 
using it succeedingly by manufacture of an electronic configuration component, for example, a 
processor, and a memory device is advantageous especially within the limit [ of this invention ]. 
[0020] Especially the approach by this invention is equal to 200mm, or it is suitable in order to process 
the semiconductor wafer which has a larger diameter than it and the thickness of 500 micrometers - 
1200 micrometers, or such a semiconductor wafer may be used as a start ingredient for manufacturing a 
semi-conductor configuration component directly ~ or wet [ another process step, for example, wet, ] ~ 
after chemical etching or chemical plasma etching, and implementation of polishing — and after 
covering of/, a rear-face seal layer, or a layer like the epitaxial enveloping layer of the field on a wafer 
side front — and the purpose of use corresponding to after conditioning by/or heat treatment may be 
supplied. It may be used also in order to manufacture the semi-conductor substrate formed in multilayer 
structure, for example, a SOI wafer, (silicon-on-insulator) as well as this invention other than 
manufacture of the wafer which consists of a homogeneity ingredient. 

[0021] Then, the approach by this invention is explained taking the case of double-sided polishing of a 
silicon wafer. The data for calculating and specifying the optimized orbital curve can be diverted to the 
method of having the same kinematic operation format satisfactory, for example, double-sided 
wrapping, and double-sided grinding for this contractor. The activity surface plate equipped with the 
path or the grinding stone instead of the turn table covered with the polishing pad in this case is used, 
and wear of a lap surface plate or a grinding surface plate is taken into consideration instead of being 
wear of a polishing pad. 

[0022] It is possible to give the silicon wafer of a large number sliced by the slicing method using an 
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inner circumference cutting-edge type sow or a wire saw theoretically to the double-sided polishing step 
by this invention directly. However, it is advantageous to round off the wafer edge divided into the sharp 
profile, i.e., a mechanical very sensitive wafer edge, using the emery wheel by which profiling was 
carried out suitably. Furthermore, it is the purpose of partial removal of the purpose of an improvement 
of geometry (geometry) and the destroyed crystal layer, i.e., a damaged layer, and it is advantageous to 
give a silicon wafer to wrapping, grinding, and/or a removal step like etching. In this case, all the steps 
mentioned above are carried out by the well-known advanced technology. 

[0023] In order to carry out the polishing step by this invention, the machine of marketing for double- 
sided polishing of suitable size which enables coincidence polishing of at least three silicon wafers using 
at least three carriers can be used. Especially the thing for which 3-5 carriers which placed regular 
intervals and have been arranged in accordance with a predetermined circular orbit, and which are 
occupied with three silicon wafers even if few each are used for coincidence is advantageous. However, 
each carrier is able to be occupied only with one silicon wafer, respectively. However, in order that this 
silicon wafer may enable it to rearrange this invention in this case, being arranged outside the core of a. 
carrier is desirable. 

[0024] Horizontally, the polishing machine has the turn table (platen) of the pivotable bottom, and the 
turn table of a freely pivotable top, and abrasive cloth or a polishing pad is covered by these turn tables, 
respectively, and it is mainly freely stuck on them advantageously. This polishing machine enables 
double-sided ingredient removal polishing processing under continuous supply of the abrasive material 
of a suitable chemical presentation. The carrier which consists of stainless steel chrome steel 
advantageously has two or more notches by which a dimension setup of [ for holding a silicon wafer ] 
was carried out suitably and which were lined with plastics, these carriers ~ for example, the pin called 
so-called "the pin wheel (Triebstock-Stiftverzahung)" — a row of teeth or an involute — using a row of 
teeth, the rotating ring with a pin inside inside or the ring with a gear tooth, and the ring of this inside 
touch the polishing machine through the outside ring with a pin or the outside ring with a gear tooth 
which rotates to the reverse sense, and are brought to rotation among both the turn tables that rotate to 
the reverse sense mutually by this. The "pin wheel" is advantageous especially based on the rotation 
property of a carrier being stabilized further and a pin becoming exchangeable easily. 
[0025] The carrier used for the polishing method by this invention has the advantageous thickness of 
500-1200 micrometers, this thickness is influenced by the last thickness of the ground silicon wafer, and 
this last thickness itself relates to the diameter and the planned purpose of using a silicon wafer. It is 
advantageous that only the 2-20 micrometers of the last thickness of the ground wafer are greatly formed 
rather than carrier thickness about manufacture of a very even silicon wafer, and especially the range 
that is 3-10 micrometers in this case is advantageous. The 2-70 micrometers of the amounts of silicon 
removal by double-sided polishing are 5-50 micrometers especially advantageous advantageously. 
[0026] In order to explain this invention, some drawings which make this invention clear are used. All 
data are related with polishing of the silicon wafer with a diameter of 300mm in the double-sided 
polishing machine of marketing of the type AC 2000 of Peter Walters (Fa.Peter Wolters, Federal 
Republic of Germany Rendburg **) which equipped the pin train (it is equivalent to a gearing's internal 
tooth and external tooth) prepared in the drive ring of the outside for driving a carrier, and the inside. 
The relevance which constitutes the bottom of this invention can be diverted also to processing of the 
other ingredient removal machines which work in a polishing machine and a wrapping machine smaller 
than the polishing machine of the above-mentioned type, or large-sized, a grinding machine, and the 
kinematics property that can be compared and a semiconductor wafer smaller than the wafer of the 
above-mentioned size, or a big semiconductor wafer. Therefore, the example of illustration does not 
restrict this invention. 
[0027] 

[Embodiment of the Invention] Below, the gestalt of operation of this invention is explained in detail per 
drawing. 

[0028] The rotation disk 1 which has the diameter of 720mm for holding three 300mm-silicon wafers 
for double-sided polishing, i.e., a carrier, is illustrated by drawing 1 . 
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[0029] The condition that the plurality of the carrier 1 shown in drawing 1 has been arranged at the 
double-sided polishing machine is shown in drawing 2 , the diameter of the outside ring 6 with a drive 
pin is 1970mm in this case, and the diameter of the inside ring 5 with a drive pin is 530mm. 
[0030] In the polishing machine shown in drawing 2 , when the up-and-down turn table and the internal 
and external ring with a drive pin are rotating to coincidence, the geometry property which becomes 
important because of movement of a relative silicon wafer to a polishing pad is shown in drawing 3 . 
[0031] It is related with the rotation parameter adjusted in the example 1 of a comparison by drawing 4 a 
- drawing 4 f. the upper polishing pad in the case of double-sided polishing with the polishing machine 
shown in drawing 2 (a --) The orbital curve of a relative silicon wafer is shown by the Cartesian 
coordinate system to c, e, and a lower polishing pad (b, d, 0, respectively. In this case to drawing 4 a 
The relative orbital curve is drawn to the polishing pad of the top after the operation time for 6 seconds. 
To drawing 4 b The relative orbital curve is drawn to the polishing pad of the bottom after the operation 
time for 6 seconds. To drawing 4 c The relative orbital curve is drawn to the polishing pad of the top 
after the operation time for 20 seconds. To drawing 4 d The relative orbital curve is drawn to the 
polishing pad of the bottom after the operation time for 20 seconds. To drawing 4 e The relative orbital 
curve is drawn to the polishing pad of the top after the operation time for 120 seconds, and the relative 
orbital curve is drawn on drawing 4 f to the polishing pad of the bottom after the operation time for 120 
seconds. 

[0032] Drawing 5 a - drawing 5 f is a drawing equivalent to drawing 4 a about the example 2 of a 
comparison - drawing 4 f. 

[0033] Drawing 6 a - drawing 6 f is a drawing equivalent to drawing 4 a about the example 3 of a 
comparison - drawing 4 f . 

[0034] Drawing 7 a - drawing 7 f is a drawing equivalent to drawing 4 a about Example 1 - drawing 4 f . 
[0035] Drawing 8 a - drawing 8 f is a drawing equivalent to drawing 4 a about Example 2 - drawing 4 f. 
[0036] Drawing 9 a - drawing 9 f is a drawing equivalent to drawing 4 a about Example 3 - drawing 4 f. 
[0037] The carrier 1 for double-sided polishing shown in drawing 1 is characterized by the outside row 
of teeth 2. The row of teeth 2 of this outside can gear with the pin train of the ring with a drive pin of the 
outside established in the polishing machine (ring equipped with the pin train instead of the internal- 
tooth train of an internal gear), and an inside ring with a drive pin (ring equipped with the pin train 
instead of the external-tooth train of a sun gear). The carrier 1 has two or more openings 3 lined with the 
plastics for holding a silicon wafer grinding further, and two or more additional openings 4 which 
guarantee good distribution of the abrasive material between both polishing pads. 
[0038] The typical maximum batch condition with a diameter of 300mm occupied with semiconductor 
wafer H and the carrier 1 occupied with the silicon wafer in this case of three sheets, respectively is 
shown for the polishing machine of a type AC 2000 in drawing 2 . For example, also when the polishing 
machine small type [ 1500 ] AC similarly manufactured by Peter Walters (Fa.Peter Wolters) is occupied 
with 200mm-semiconductor wafer, the same geometry arrangement is made to arise. A carrier 1 is 
rotated with the inside ring 5 with a drive pin, and the outside ring 6 with a drive pin. In this case, if the 
hand of cut of the inside ring 5 with a drive pin and the hand of cut of the outside ring 6 with a drive pin 
have a mutually different sign, they are advantageous. Semiconductor wafer H touches the polishing pad 
of an upper turn table which rotates in this case, and the polishing pad of the lower turn table 7 which 
rotates to the reverse sense advantageously. An up-and-down turn table is seen from a top, agrees 
completely and overlap. 

[0039] In order to draw the geometry property at the time of double-sided polishing, the data which 
become important are written in drawing 3 . In this case, the rings 5 and 6 with both the drive pin and 
both the turn tables 7 rotate focusing on the medial-axis line M of immobilization of a polishing 
machine, and rotate a carrier 1 focusing on core M* of a proper to it, respectively. This core M' does not 
need to be location immobilization. In relation to this, the next rotation type number (for example, it 
expresses with the rotational frequency per for [ r.p.m.- ] 1 minute) becomes important. : no = 
Rotational frequency of the turn table 7 of the top centering on M nu = Rotational frequency of the turn 
table 7 of the bottom centering on M na = Rotational frequency of the ring 6 with a drive pin of the 
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outside centering on M ni = rotational frequency of the ring 5 with a drive pin of the inside centering on 
M nLSrot Rotational frequency of the carrier 1 centering on =M' the rotational frequency of the carrier 1 
centering on nLStrans=M -- in this case It is two of no, nu and four amounts na and ni, nLSrot, and 
nLStrans(es) that a setup becomes possible freely by the machine operation person. This is obtained 
from the following geometry relation.; 
[0040] 
[Equation 1] 

n. = (r M /r ) xn^ + n l8trusi (1) 



[0041] And [0042] 
[Equation 2] 

n t = (r^/r^xn^ + V». (2) 

[0043] Or it is [0044] after conversion of (1) and (2). 

(3) 





- n t )/ (r M /r. + r^/r,) 


[0045] And [0046] 




[Equation 4] 






= (r xn + r^xnj / (r a + rj 



(4) 



[0047] Radius ra of the inside of a formula, and the rLS= carrier 1 Radius ri of the ring 6 with a drive 
pin of = outside Radius of the ring 5 with a drive pin of = inside. 

[0048] About the machine of a type AC 2000, (3) is nLSrot=0.5801x (na-ni). It is set to (5) and (4) is 
nLStrans=0.7880xna+0.2120xni. It is set to (6). 

[0049] Next, a relative orbital curve is considered to the polishing pad 7 of Point P bottom which keeps 
spacing a and is located from core M' of a carrier 1. This point P may be the central point of 
semiconductor wafer H, when all semiconductor wafer H is arranged at equal intervals focusing on core 
M'. In order to take the load of a polishing pad into consideration, Point P is advantageous in it being the 
point of being located in the circle drawn focusing on core M' occupied most densely with the 
semiconductor material. In the above-mentioned use example of the carrier 1 in the polishing machine 
AC 2000, it is assumed that the radius a of this circle is 200mm. 

[0050] By the rolling motion of the carrier 1 which met the outside ring 6 with a drive pin, the actual 
point P moves to ideal point P' first. About M, from P, this ideal point P' accomplishes an include angle 
psi, and is located. This movement can be interpreted as a hypocycloid orbit. Such movement is a 
formula known by this contractor.; 
[0051] 
[Equation 5] 

x = (r 4 - r M )xcosq) + axcos[<px(r. - r u ) /r u ] (7) 

[0052] And [0053] 
[Equation 6] 

y = (r - } xsintp - axsin[(px(r - r_,) (8) 

[0054] It can be alike and can draw on a Cartesian coordinate system more (based on being ra- 
rLS=ri+rLS, in the selected example, even if it uses the equation for an epicycloid orbit, depiction 
becomes possible.). In this case, a carrier rolls centering on an inside ring with a drive pin. . 
[0055] The turn table of a while [ Point P is moved to point P' through the partition psi of a hypocycloid 
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orbit ] top is an include angle to an opposite direction. - Only tauo rotates, and this makes point P' 
rotated focusing on M only for include-angle tau o minutes ("translational motion" of M' along the 
circular orbit centering on =M), as a result point P" is made to produce. In order to enable it to compute 
the location of relative point P" to the starting point P about the turn table of the top after the unit time 
amount t, the time amount for developing an include angle psi and include-angle tauo first must be 
contrasted, for this reason ~ being alike ~ : [0056] which assumes the outside ring 6 with a drive pin to 
be the criteria circle which does not exercise virtually 
[Equation 7] 

B a ' = n 4 - n a = 0 

n o' = n o " n . O) 
n 4 ' = n 4 - n a d o) 

(12) 



[0057] In that case, tauo=-no'xt It is (13) (or negative sign based on a mutually different hand of cut of 
tauu=-nu'xt;no or nu and tauo, or tauu), and is psi=nLStrans'xt. It is (14). 

[0058] By the formula (9), it is tauo=(na-no) xt. By materializing (15) and inserting; type (11) and a 
formula (14) in a formula (1), it is psi=-(rLS/ra) xnLSrotxt. (16) is obtained. 
[0059] By making a formula (15) and a formula (16) equivalent about t, it is tauo=(no-na) xpsixra/ 
(nLSrotxrLS). (17) is obtained. 

[0060] That is, while an include angle psi is advanced focusing on M based on hypocycloid movement 
(a formula (7) and formula (8)) from Point P, relative rotation tauo is performed to it and coincidence to 
an upper grinding surface plate. A formula (17) can express this rotation as a function of psi. 
Superposition of both movements is : [0061] which can be performed by rotating system-of-coordinates 
x-y describing hypocycloid movement to system-of-coordinates x'-y' focusing on -tauo. 
[Equation 8] 

x' = xxcos(-to) + yxsin(-T 0 ) os) 



y' = -xxsin(-To) + yxcos(-t 0 ) (19) 

[0062] All movement P-P" is : [0063] which can be expressed by inserting a formula (7), a formula (8), 
and a formula (17) in a formula (18) and a formula (19). 
[Equation 9] 
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x' = xxcos(-To) + yxain(-To) 



(18) 



x' = {(r. - 


r_) xcos(p + axcoa[(px|r. - 


r_) /r_] }xcos ( -t 0 ) 


+ { (r. - 


r_)xsin<p - axsin[<px(r 4 - 


r„) /rJ}xsin(-T 0 ) 


x- = Hr. 


- r_)xcos(p + axcoa[<px(r a 


- r_)/rj} 


X cos[ 


-<n. - nj x<pxr./ (n^xr J 3 




+ Mr. 


- r_)xsincp - axsin[<px(r. 


- rj/rj} 


x sin[ 


-<_. - njxpxr^n^xr,,} ] 





= -xx a in(-T 0 ) + yxcos(-To) 



(19) 



y' = {- (r. - r M )xcos(p - axcoa[cpx(r m 
+ ( ~ r_)xsin<p - axsin[cpx <r 4 



*J /rJ}xsin(-to) 
r M ) /r M ]}xcos(-to) 



y = <-(r. 


- r fc 


Jxcosq) - axcos[cpx(r. 


- rj/rj} 


x sin[ 


-<». 


- aJx9xr./(n UMt xr tl )] 




+ {(*. 


- r_)xsin<p - axsin[cpx(r. 


- rJ/r M }} 


X COS [ 




- a.) xcpxr./ (n UM xr u ) ] 





(21) 



[0064] In this case, (x', y') are equivalent to the coordinate of point P" after passage of the include angle 
psi which passes along a hypocycloid orbit, x -ra-rLS+a and y -0 are materialized about psi= 0. 
[0065] As opposed to an upper turn table (or under) the mean velocity Vo of the relative point P (Vu) 
The migration length s of a point (x\ y') uses a formula (20) and a formula (21). For example, at 
intervals of 1 degree spacing (xj, yj) about include-angle >360 degree small include-angle INKURE 
mental amount (increment) deltapsi — and (xi, yi) ~ if quiet totaled [ total ] ~ the migration length 
[0066] of a point (x\ y') 
[Equation 10] 



[0067] And the formula decomposed about time amount t (16) 
[0068] 

[Equation 11] 

t = - cpxx./ (r^^) (16) 

[0069] since — v=s/t (or vo=so/t and vu=su/t) 
[0070] 

[ Equation 12] 



(22) 



v = - <r xi] 



^)/«pxr,)x2[(x j ' - V) 2 * <yy - y/) 2 ]* 



(23) 



[0071] It is alike, and it may be computed by receiving. Calculation of rate change is also attained. 
[0072] the table count program (Tabellenkalkulationsprogramm) of marketing of calculation of an 
orbital curve and a rate by the indicated formula (20), (21), and (23) — using ~ respectively — enough ~ 
an output — a powerful desk computer ("PC") can perform. 
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[0073] Theoretically, the combination of arbitration can be chosen about the average relative velocity vo 
and vu and the average polishing pressure P which are obtained from rotational frequencies no, nu, na, 
and ni and these rotational frequencies. However, the constraint based on a machine design, an 
ingredient load, and a safety viewpoint is especially imposed on such possibility in fact. If the ring with 
a drive pin of the grinding surface plate of a top and the bottom, an outside, and the inside has a hand of 
cut mutually different, respectively, it is advantageous. This is expressed with a sign. In order to grind 
15 silicon wafers with a diameter of 300mm to' coincidence with the one-set machine AC 2000 of 
polishing, the following especially advantageous parameter range is convenient. These parameter range 
is : [0074] which was the object of a detailed experiment which could control in the production run and 
moreover brought about this invention. 
[Equation 13] 

n c = +10 . . . +25 r.pm. n. 
n> - -10 . - . -26 r.p-m. 
v o = -0,5... -2.0 m/sec P 
v u = +0,5... +2.0 m/sec 

[0075] Under these conditions, the silicon removal rate for 0.4-2.0-micrometer/was obtained. In order to 
guarantee a machine throughput (throughput) high enough, the removal rate for 0.65-1. 8-micrometer/is 
advantageous within the limit [ of this invention ]. It is a removal rate for 0.8-1. 5-micrometer/especially 
advantageous. 

[0076] According to the theoretical interpretation used as a key when you understand polishing for 
which all another ingredient removal methods are also similarly treated [ that it is applicable and ] the 
same, it is supposed that it is proportional the removal rate to a polishing pressure P and the relative 
velocity v of a silicon wafer / polishing pad (formula of Preston). According to this, in a fixed rotation 
property, increase of a pressure raises a removal rate, or relative velocity becomes possible [ changing 
the combination of a rotation parameter and bringing about the same polishing result ], while it has been 
the same. 

[0077] This formula becomes usable only in the restricted range the case of the approach, for example, 
double-sided polishing, of working by both-sides side especially. The improvement in P and/or the 
removal rate by increase of vo/vu is because the aggravation of display flatness expressed as SFQRmax 
or increase of the scratch rate by the ingredient sediment for example, on a polishing pad is made to 
often concur with. Therefore, it groped for the optimal combination of an orbital curve and a pressure 
within the limit of this invention. 

[0078] The various combination of Parameters no, nu, na, and ni showed [ of the relative point P ] that a 
various orbital curve and various relative velocity could be variously formed to the polishing pad of a 
top or the bottom under use of a formula (20), a formula (21), and a formula (23). Some examples are 
drawn on drawing 4 a - drawing 9 f. theoretically, as small as the open orbital curve (drawing 4 a- 
drawing 4 f and drawing 7 a - drawing 9 0 mentioned in this way ~ the orbital curve (drawing 5 a - 
drawing 5 f and drawing 6 a - drawing 6 f) closed after some loop-formation formation is 
distinguishable. Furthermore, about the open orbital curve, it is distinguishable on the curve (drawing 7 
a - drawing 9 f) which has the curve given comparatively weakness, and the curve (drawing 4 b, drawing 
4 d, drawing 4 f) which has the curve given strength. 

[0079] The closed orbital curve appears periodically in the variation of the engine speed within the 
indicated limits. For example, :duplex loop formation the orbital curve closed in the range of the 
following rotating speed is accepted to be about na=5.4r.p.m. and ni=-16r.p.m.: no=25.69r.p.m. and 
nu=-23.96r.p.m. 

3- fold loop formation: no=19.48r.p.m. and nu=-17.75r.p.m. 

4- fold loop formation: no=17.41r.p.m. and nu=-15.69r.p.m. 

5- fold loop formation: no=16.38r.p.m. and nu=-14.65r.p.m. 



= + 3. . . 
= -10. . , 
= 0. 10. . 



+ 10 r.pm. 
-26 r. pm. 
.0.25 bar 
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6-fold loop formation: no=15.76r.p.m. and nu=-14.03r.p.m. 
1-fold loop formation: no=13.28r.p.m. and nu=-11.55r.p.m. 
3-fold rose form curve: no=10.17r.p.m. 

The single loop formation is drawn on drawing 5 a - drawing 5 f, and 3-fold loop formation and 4-fold 
loop formation are drawn on drawing 6 a - drawing 6 f. 

[0080] Movement of a relative silicon wafer results in bringing about the uneven load of a polishing pad 
to the up-and-down polishing pad expressed by movement of point P-P" in alignment with the closed 
orbital curve. To it, a polishing pad does not fully loosen, before this polishing pad scrapes with the 
following silicon wafer in accordance with these orbits to the 1st, after compressing into a polishing 
process, but this spoils the wafer display flatness obtained. In accordance with the orbit of the maximum 
load, the preferential sediment of the silicon by which polish removal was carried out, or its resultant is 
performed [ 2nd ], and, partially, this is recognized by this contractor per formation of the stripe of the 
brown in the polishing pad which carried out opening to the fall of a removal rate, and the front face on 
which the silicon wafer was scratched. Such effectiveness is the purposes which obtain an especially 
more high removal rate, for example, when increase with a polishing pressure of 0.18-0.25 bars is 
carried out from 0. 10-0. 15 bars, it appears. 

[0081] this invention — obtaining — a sake — an experiment — within the limit ~ drawing 5 -- a - 
drawing 6 — f — drawing — having — **** — as — six — being equal — or — or — six — being small — a 
loop formation - a number — having — having closed — an orbital curve — or — almost — having closed 

— an orbital curve ~ avoiding ~ having ~ if ~ geometry ~ polish — a scratch — receiving — being 
remarkable — being inconvenient — effect — nothing — a polishing pressure - increase — attaining ~ 
having — things — I understand . This can be performed about the example of for example, ring 
rotational frequency na=5.4with drive pin r.p.m., and ni=-16r.p.m. by avoiding the range of the 
rotational frequencies no and nu indicated further in the top for an up-and-down turn table (that is, **0.1 

- **0.25r.p.m.). For the improved combination about the ring rotational frequencies na and ni with a 
drive pin, these criticality-values are shifted and, generally the same orbital drawing may be expected in 
this case. Such demand of avoiding a criticality-orbital curve is filled in the orbital curve drawn on 
drawing 7 a - drawing 9 f. 

[0082] The closed orbital curve which has the larger number of loop formations than 6, or the orbital 
curve closed mostly means covering all polishing pads to homogeneity as a matter of fact, and becomes 
non-criticality-like within the limit of this invention. 

[0083] The 2nd condition which becomes important for this invention is related with the radius of 
curvature produced during progress of an orbital curve 8. When said increase with a polishing pressure 
of 0.18-0.25 bars was especially carried out from 0.10-0.15 bars, in order to obtain especially the display 
flatness of a silicon wafer high enough conjointly with braking of the relative motion to which sudden 
direction change of an orbital curve is carried out in this part, it turned out that it becomes inconvenient. 
In the transit format in the upper limit of a pressure range, there is a possibility that the situation where a 
silicon wafer is pulled out by devotion from a carrier may arise. This will cause destruction impossibly 
and, generally a silicon wafer and not only a polishing pad but a carrier set will be destroyed in this case. 
In drawing 4 b, such an example of a transit format takes lessons from a point 9, and is shown. The 
criticality~in this way radius of curvature of an orbital curve 8 may appear in a high carrier rotational 
speed compared with comparatively low polish rotating speed (<10 ... 12r.p.m.) and rotating speed 
relatively. 

[0084] Therefore, in order to raise the removal rate in double-sided polishing without the need of 
submitting to quality loss, the radius of curvature of an orbital curve lower than the radius of curvature 
of the inside ring 5 with a drive pin other than the closed orbital curve must also be avoided. Though 
natural, these two conditions must become effective in coincidence about a relative orbital curve to an 
up-and-down turn table. Within the limit of this invention, what kind of orbital curve becomes possible 
[ foreseeing correctly whether two conditions mentioned above are fulfilled ] by using a formula (20) 
and a formula (21). It turned out that only the specific selection of much combination which 
accomplishes the object of this invention and which becomes possible from no, nu, na, and ni is proved 
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in actual use from the reason for the above as it is advantageous. 

[0085] Double-sided polishing of a silicon wafer can be performed at 0.8 and the typical removal rate 
for 1.5 -micrometer/in the orbital velocity vo of **1.0-**1.8m/second or vu, and the pressure of 0.18- 
0.25 bars using these conditions by which this invention is characterized. According to the publication 
of the Federal Republic of Germany patent No. 19905737 specification the case of the approach by the 
well-known advanced technology in the same frame conditions, the removal rate for 0.55-micrometer/is 
common by the pressure of 0.15 bars, for example. 

[0086] This invention may be used by removing an equivalent ingredient from the field on the side front 
of a silicon wafer, and the field on a background. This is performed in a certain amount of precision, 
when vo and vu are chosen almost equally. However, more ingredients are also removable from the field 
of one side, for example, the field on a side front, with suitable selection of vo and vu. Thereby, in the 
lowest overall possible total amount of removal, removal of the surface discontinuity of the crystal layer 
which exists in the field on a side front and which deteriorated, or others is guaranteed. In order to 
guarantee uniform processing of an up-and-down polishing pad, when [ though natural, ] desirable, the 
optimized orbital curve can be used also for [ for use of the brush disk for pad cleaning ] use of the 
carrier occupied with the grinding stone for pad conditioning. 

[0087] Within the limit of a configuration of having been formed about a rotation property and pressure 
characteristics, a double-sided polishing step is carried out in the format known by this contractor. 
[0088] It is advantageous if polishing is performed using the polyurethane polishing pad of marketing of 
the degree of hardness (Shore A) of 50-100. This polishing pad may have embedded strengthening 
polyester fiber. In polishing of a silicon wafer, supplying continuously the underwater abrasive material 
which consists of 1 - 5% of the weight of Si02 advantageously and which has the pH value of 9.5-12.5 
advantageously is recommended. 

[0089] In order to terminate a polishing step, passivation of the chemical very reactant hydrophobic 
wafer front face must be carried out. If this is performed by supplying one sort of liquids containing one 
sort or several sorts of coat morphogenetic substances, or supplying several sorts of liquids one by one, 
it is advantageous within the limit [ of this invention ]. Thereby, the front face, rear face, and edge where 
the silicon wafer was ground are ** made perfect by liquid membrane. In this case, generally the density 
range of 0.01 - 10 capacity % of the coat morphogenetic substance in a stop agent becomes convenient. 
Especially the thing for which one sort or several sorts of matter which becomes removable in cleaning 
of the consecutiveness from the group of a compound who has the alcohol of monovalence or many **, 
polyalcohol, and a surfactant is used is advantageous. Same especially the configuration of an 
advantageous stop process that realizes the same principle is supplying the aquosity abrasive material 
which contains one sort or several sorts of matter from said group of a compound in the content of 0.01 - 
10 capacity % and which made Si02 the subject. 

[0090] A silicon wafer is picked out from a polishing machine after a stop agent and termination of 
supply of pure water by the case, and is cleaned based on the well-known advanced technology, and is 
dried. Then, evaluation of the silicon wafer about the quality description specified by the processing 
person who was able to affect it by the polishing step, and who processes a wafer succeedingly is 
performed by the approach learned by this contractor. Such a description may be local geometry data 
detectable [ with the measuring equipment of marketing which operates by for example, the 
electrostatic-capacity principle or the optical principle ]. Another quality description evaluated may be a 
property about the front face, rear face, and/or edge of a wafer. In this case, it becomes important 
especially to carry out the visual judgment of generating of the defect which deviated from the ideal 
silicon front face of a scratch, a spot, and others, and its scale under the beam of light which it 
converged powerfully. Furthermore, it becomes convenient to inspect granularity, topology, and metal 
contamination (contamination) by the commercial measuring instrument, for example, or it may be 
needed. 

[0091] The silicon wafer manufactured by this invention is not inferior at all about these parameters 
used for woofer characterization compared with the silicon wafer manufactured by the well-known 
advanced technology. The silicon wafer manufactured by this invention is equal to 0.13 micrometers, or 
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it is suitable in order to manufacture the semi-conductor configuration component which has line 
breadth smaller than it. Especially, it is equal to 0.13 micrometers, or the very high site locally display 
flatness expressed as SFQRmax smaller than it is conjointly obtained with a front face without a scratch, 
v based on improvement in the removal rate for carry out ingredient removal processing of the 
improvement in productive efficiency which become possible by this invention of the facility by 
optimization of an orbital curve, as a result the semiconductor wafer to coincidence by both sides, 
compared with the approach by the well-known advanced technology, at a low price, it see with the 
whole process chain, and only a maximum of 40% per 1 time of double-sided ingredient removal 
process step can manufacture a semi-conductor woofer at a low price, and mean an advantage with this 
decisive in respect of competition only a maximum of 15%. 

[0092] It may be necessary to give surface polishing for acquiring the field on the side front ground 
without Hayes by the well-known advanced technology in the field on the side front of a wafer in 
relation to another application, for example, surface polishing performed using an elastic polishing pad 
using the alkaline abrasive material which made Si02 the subject to the bottom of 0.1-1-micrometer 
removal of silicon. According to a request, heat treatment of a silicon wafer can be introduced in the part 
of the arbitration of a process chain. Doping material reduction which for example, the heat donor was 
eliminated, or deterioration of the crystal layer near the front face was recovered by this, or was meant is 
made to arise. Covering to the silicon wafer side front side of the epitaxy layer which consists of 
covering, the silicon, or another semiconductor material of the rear-face enveloping layer which consists 
of a series of another process steps which are needed for a regular product, for example, polish recon, a 
silicon dioxide, or silicon nitride is incorporate into a process chain by the approach too learned by this 
contractor in a suitable part. Furthermore, it is the various parts of a process chain, for example, the load 
of the silicon wafer can also be carried out by clear differentiating characteristics, for example, laser 
marking, before etching. 

[0093] The example of a comparison, the example of an example comparison, and an example are 
related with double-sided polishing of a silicon wafer which has the diameter of 300mm on a production 
scale. These silicon wafers are manufactured by etching and edge polishing in the wire sewing of a 
single crystal, edge RAUNDINGU, double-sided sequential surface grinding, and the condensed nitric 
acid / hydrofluoric-acid mixture with the well-known advanced technology, and had the thickness of 805 
micrometers. These silicon wafers were ground by even the last thickness of 775 micrometers using five 
carriers which have the notch of three each which was lined by PVDF and which consist of stainless 
steel chrome steel with a thickness of 770 micrometers, in order to hold a silicon wafer. As a polishing 
pad, the polyester strengthening polyurethane pad of marketing of a degree of hardness 74 (Shore A) 
was used. The aquosity abrasive material contained 23 % of the weight of SiO(s), and had the pH value 
of 1 1.5. Temperature control of the up-and-down turn table was carried out to 38 degrees C, 
respectively. 

[0094] The stop agent containing glycerol 1 capacity %, butanol 1 capacity %, and surfactant 0.07 
capacity % was supplied to the bottom of the pressure reduced after polishing termination. Geometry 
measurement by the geometry measuring instrument which operates after cleaning and desiccation based 
on the visual inspection under the Hayes light and an electrostatic-capacity principle was performed. In 
this way, the decision criteria for handing over the processed wafer were that a surface scratch is absent 
and that the local site display flatness SFQRmax of 0.12 micrometers about a 25mmx25mm plane lattice 
is attained. After treatment of the silicon wafer which does not fulfill these conditions was carried out to 
the bottom of 5-micrometer additional removal of a semiconductor material by the well-known 
advanced technology. The geometry measuring instrument was used also in order to measure the 
thickness of a silicon wafer before polishing and after polishing. The removal rate of a polishing process 
can be measured from this. Distribution of the amount of removal in the front face and rear face of a 
silicon wafer was measured with the test disk which has laser marking. In this case, the depth of laser 
marking was measured under the microscope a polishing front and after polishing, respectively. 
[0095] The following tables express the important process data about the examples 1-3 (=V1-V3; 
equivalent to the orbital curve of drawing 4 a - drawing 6 f) of a comparison, and Examples 1-3 (=B1- 
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B3; equivalent to the orbital curve of drawing 7 a - drawing 9 f)- The invention conditions for an orbital 
curve (a) are equal to 6, or mean that the closed orbital curve which has the loop formation of the 
number smaller than 6, or the orbital curve closed mostly does not exist. Conditions (b) are equal to the 
radius of curvature of the inside ring 5 with a drive pin, or it means that radius of curvature smaller than 
it does not exist. Both conditions must correspond about the orbital curve of a relative silicon wafer to 
an up-and-down turn table, respectively. 
[0096] 



ffj 


ir.ojm.1 <ri?m> trBrtu irvrw ("o^fii trh?fK" inarm irami 3$* 


VI 


+10.0 -10.0 +4.0 -13.0 13.34 -0.88 -0.71 +0.69 (a) 


V2 


+13.3 -11.6 +5.4 -16.0 12.41 +0.86 -0.81 +0.90 <bl 


V3 


+19.5 -15.7 +5.4 -16.0 12,41 +0.86 -1.22 +1.17 lh\ 


31 


+16.0 -13.0 +5.4 -16.0 12.41 +0.86 -0.99 +0.99 («)+(b) 


B2 


+20,0 -20.0 +4.0 -19.0 13.34 -0.38 -1.37 +1.35 lal+(b) 


B3 


+23,0 -IS. 5 +4.0 -19.0 13.34 -0.88 -1,57 +1.05 ta)+(b> 



[0097] A lot of silicon wafers were processed using the indicated process conditions. In this case, 
polishing was first performed by the low pressure and polishing was performed by the succeedingly high 
pressure. In order to guarantee the same start conditions, a polishing pad respectively new about each 
experiment train was used. The result related with an average removal rate and the wafer quality after 
cleaning is shown in the following tables. They are the front face of VS= silicon wafer, and the rear face 
of RS= silicon wafer. At relative process cost, post-polish of the wafer unsuitable for specification is 
taken into consideration. 
[0098] 
[Table 2] 
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VI 


0. 125 


0.43 


15/15 


yes 


no 


1.15 




0.150 


0.54 


15/15 


yes 




1. 24 




0. 200 


0.68 




no 


yes 


» 1 


V2 


0. 150 


0.58 


14.5/15.5 


no 


yes 


» 1 


V3 


0. 125 


0.58 


15/15 


yea 


no 


1.00 




O.1S0 


0.63 


15/15 


80 % 


no 


1.21 




0.200 


0.82 




no 


yes 


» 1 


ai 


0.150 


0.67 


15/15 


yes 


no 


0.90 


B2 


0. 125 


0.66 


15/15 


>es 


no 


0.89 




0.150 


0.79 




*3S 


no 


0. 81 




0.200 


1.02 


15/15 


ves 


no 


0.68 




0, 225 


1.10 




95 % 


no 


0,72 


B3 


0.150 


0,76 


165/13.5 


yes 


no 


0. 82 




0.200 


0.97 


17/13 


yes. 


no 


0.71 



[0099] The above-mentioned table shows that the approach by this invention for carrying out double- 
sided polishing of the silicon wafer has the remarkable cost advantage compared with the approach it is 
equal to 0.15 bars, or according to the well-known advanced technology to the time of use of a bigger 
polishing pressure than it. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DRAWINGS 



[Drawing 1] 





[Drawing 2] 



[Drawing 3] 
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[Drawing 5 d] 
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[Drawing 6 c] 
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[Drawing 7 b] 
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[Drawing 8 a] 
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[Drawing 8 f] 
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[Drawing 9 e] 
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[0022] mmttjtctt. •rctsumffl?&.v-*tci£ 



(5) ^20 03- 7 7 8 7 0 

8 

yv>^x^:/&cj^£4#i^stT<fcs. t/feu is 
mik-cmf&ix? ji^^T'a^T 

^3ftfc5fi;Em£flH>T;ft&£C4aWJr&S. 2 6 

&3tifct&ni. o*«3*nx^M®©sn»Wi^*©aw 
io v z/te&Mmm icjzvfmstiz. 

[0 02 3] *m}lCJ:Z#Vi>'>#Z7y7*mJfeT 
•Sfc&JtW:. 'PU< 4 t3o©+-f yi*£{gffiL/-Cii>ft 
< 4 £ 3 ft©-> U 3 > «5 x -/n©|5IB#^ > y?: nJfJfc 

K-r «fc 5 ft . ®^ ft -9- a xomm* u > y©/c«>© 

rf?)R©««4ttffl-S--5C4*«r*4. «IHIB*jBl»r»r 
3E©R0lkia«:»-3-CB2B3nfc"eti-eti^>*< 4^3 
tft©-> U 3 x -^r^&^ft-C^-S 3 — 5 o©+ * 

s+ 1 >j t n i ft©^ >j 3> * - ^t a 

20 Jf)6n-C^ft^C4fcPl«IB-C*4. LfrLCCDm-S. C 
SC475iSi*U(,^ 

[0 02 4] *y^>y«^tOT. ^T-^rsjocgEb 
tcHRWfiB&TflncWISSai 4. 7K¥^(S] 

KSA«:igKiiI»a:±ffl!J©Bf«JE»4*WLTi»-c. c 
4ip>©w^S(c«-?-n-enw^fe u < «^ f 

-5. C©4<';->>^ta{i. iii^ft^WifflRS©^^© 

30 iittWftflWftTK. was©*m»*# v ^*nx* pj 

^+'Ji'«, ^y^^A-^SriK^fTS/cS!)©. jS^ 

^©W^^?:WL/r Ctl6©+1- U ^i*. /c4^. 
«fl>*)i$»& (Triebstock-Sti 
ftverzahung) J 4P?tftlSf >^J*/c« 

>^ y > y */cti®# y > ^4 . c©F*3flpj© y > ^4 » 
aa*i * k, mm- snm© t y > ^* /c«ffi^ y > y 
40 4*^LTJi<y^> ^«4j£JJ4b-ri>T. cntctoi 

l>Ka^*KiI(Er4WBF»3eB©IBI"C@IEjI«btCfefc 
38£ K>*figatc3![lftnJffi 4 ft S C 4 tcm-3$ft 

[0025] ^mmcjzzxv is> ■ymcm^btiz* 

+ y-V«, 5 0 0 - 1 2 0 0 m m0WW4JI3 1 1 

©este <fc o't- ^ > - > y s n/c^ffi awtc Ma t» 
so -5„ ®&r^6ft->y ^>^x-/^©KiS{cML/r{^. 



9 

mm $ ft f * ©*»)* $ a* * * y +j? $ <fc o & 2 

~2O/Lim/cW**<0J33ft£C£#WfUr&O > C 
©i©£. 3~1 OMtn©«IB*»1*«:WfJT*S. PJffitf 
>; v>yccj;-2> e> y a >Bft*«B. *r*JKB 2 ~ 7 0 <i 

m. !|#K:WjPJ5Cli5~5 0 Mm-C&S. 
[0026] X&W&V&W-rZtclblCiZ. *§m*Wm 

(c-rs^oAKD^iD^ffli-^ft^. £t©^-*b. * 

*3£ffiLtc, . V*n,9-Xtt (Fa. Pete 10 

r Wo Iters, FV^SffllR e n d b u r 
g£E) ©^/^AC2 0 0 0OrfJMOMB'i< , ;'»^ 

«:iwrst>©-c*&. *»iw©«jis«:iarrBBattttv ± 

12 * ^©tf y » 0 <M^$/di*3>©# y ■> 
> 6 o*fc m iFfiiMto «fc trttttUffifc 

[002 7] 

[0 0 2 8 ] m 1 KB. Mffi^y^»^©2t*©3tfc© 
3 0 0mm-^y3>^x-^?rl|X^-r€)/t«)©7 2 0 

mm©a:s*WT-5isie7 ; -<x^. o-ttnus 

07JS$ftTl>&. 

[0 02 9] H2tcB. 0HC^Lfc^ + y-**i©«tfc 

OT3j<y^>^cieg3ft/ct^^3ftr*j 30 
0 . c <d®&. miomm e >Ft y > * 6 ©issB 1 9 

7 0mm-C&'K f#3ffli]©|g!iftf>^y >^5 ©itSti 5 
3 0 mmt*5. 

[0 03 0 ] 03CCB. H24C7nL-/c^y>'>^(c4s 

D^ic me u n » s«^«c * y -> > ^ ? f cc*t u t*b» 

[0 03 1] 04a~04 fiCB. tfc^PJ 1 "CSS© 3 ft 
/diIif£A^-~£{cHL-t\ 02(C^L/c^y^>^ 40 

-t?©pis^y^>y©^©. imo&v^yif*? f 

(a. c t e) te<fc*y f TIW©#yi'>^'*9 F (b, 

^-eft^ft^jn-s^-c^^ftrfctj, c©tS£, 

0 4 a IC ». 6 #©ai£B$K^©±ffl>I©^ y > > f 
F«c*f brtStf Wtt«ij8lft«W«fi**i'C*j K> . M 4 b K. 

is, 60©aeffi5ffBia©TM©iKyj/>^9 F«c*fb 

T*B*fWtt«iiMllMa3&«S*»ftrtoD. H4c Ktt. 2 0 

#©ae^fffl^©Jbflw©^ y ^ > » Ftc*fu -ct @*t 

Wtt«iiSl&«l#i8a»ft-Cte»J. EKdKB. 2 0#©jl 50 



4$0H 2 0 0 3 - 7 7 8 7 0 
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IEB$lfflfft©Tffl!J©# U » » FKSftOTfflSftWtttt 
i!ift»*tJS*»ft'C4B 0 . H 4 e tc«. 12 0 #©ilKB# 
US© _t{|J©# y > ^ ? F U -CffiW^^Ctfljiffi 
jaj&i^ft-r *J 0 . H 4 f KB. 12 0 ft© jE4P$IBI& 
©TAN© 'J > if* v F 5C>tf L/ Tti*W«J«C«liaft«*« 

js*»ftrt»s. 

[0 0 3 2 ] 05a~05 f«. Jt«W2 
a -04 f {C+B^-r-5SST*S„ 
[0 0 3 3] 06a~06 fB. tfc«« 3 IClWraH 4 

a ~i4 f tcfflS-rsHiir**. 

[0034] H7a-i7 ftt, Wl{CMt5S4a- 

H4 f fctB^-rssM-c*^. 

[0 0 3 5 ] BJ8 a~08 f B. t«l2 (CWT i>H 4 a ~ 
04 f {CtB^T£HffiT*£. 

[0 03 6 ] I9a-09 f«. «3W4I4a- 
04 f Ctfg^-f 

[0 0 3 7 ] 0 1 KLffkUtc, Mffitfy^i'©^©* 

* y + i ii-w©«5>j2 tefcostmenws. 
c©ww©«5>j 2 «. ^ y ^> ?mcmt htxit9M<D 
sgiftb->^ y > y ( y >f -i-)i*r-\><mffim<DKt> o 
«ct>?ij*fi*.?ty *»j:cfrtW©>Hbt>wy > 

y (1f>=f-l'©54ffi?iJ©^0(Cf>?iJ*1®^A:y> 

y > -j f ©ra-c©5ff^fij©miif ^^ge^^fiE-r s 

«»©ffl!inW«cR!P4 
[ 0 0 3 8 ] 0 2 tCB> # -Y 7'A C 2 0 0 0 ©* V ->> 
ifffifi. iES3 0 OmmO^-ft^ftStScO^iS^^i- 
^H, com^tcitis y n >^ x ->'^■ri^^>?)ftA:+ + 
yi» l r^A&titri^USiW&flb*:^* 

ftTl^-5. fci^.B|SID< f-f • 'i'^JUi'-Xtt (F 
a. Peter Wo 1 t e r s ) (CtOHjgSnfc/h 
§/©£-Y7'AC 1 5 0 0©tf 'J is>ttm&2. 00mm- 

y iHg*^Hf uA^ft-So + 1 y + 1 «rtfflJ©SHft f > 

^ y > 5 <?: ^ffllJ©|g«J f>tt'J>y6itaotig 
3-f±P»ft-5„ C©»^. rtfIiJ©IBBfif>#y>^5©ll 

e^[Sj t m \omm t- ># y > y e ©me^^ i «5t» 
x-ahbco»§, isie-rs±flw©wgg^ffi©^y'> 

I7 0^'JJ/>^7 FitCftMLtt**. ±T©P^ 

[ o o 3 9 ] m 3 kb. wffi* y >m<bv*A v y 

!RFft*3»* WTfcftKlS i a 6 f 1 - ^AJS^iiS ftT 
t»S. C©»^. MIE«Jf>fty >^5, 6<b. Wffig 
SS7i B. d< 'J ^> y«©@5£©#<&*«M*«*i»frK: 

oriaeu. ^-fttcwur+f y-^iB^-ft^ftaw© 
**0M' ^^tcuriPie-r-So c©#'&m' Bfiig@ 



(7) 



11 
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jgT?*a!&Rttfcir>. cnocwauT. «T«c^ifsia *a-ca-r) #M4&*-. 

(fcijtiir. P. m. = l^ffl^/f5<DleIK* 

n „ = M£ tfrfc 4 Ofc±M©ffi^?SB 7 ©latsSK 

n „ =M%WiU fcTfflU©WSf ffiB 7 

n. = M**4>£ LfcmPJ©IBttt>ffy >^6©@K« 

n , = M*4M>4 L/trtffliJ©|g«ib-># »J > ^ 5 ©HIBR 

n L s , . t =M' **ifr£lvfc*i'y+l©HIBR 

C©J8^. «tS»f^«:«fc 0 &ft«cttje5I*4&*© * ^©^ 4tt«T©^*^ h !/H**6»&*i* ; 
tt. n. fciO'n. ftf>^K4oOln. , n,. n 10 [0 04 0] 
l » r . t *J«fc^n L 3 t r . „ . O^%02-P-CS, * IS1 3 

n a = (^/r.Jxn^ + n^^. (1) 



[004 1 ] fc<fco* 

[0 04 2] 



★ [«2J 



(2) 



[ 0 0 4 3 ] ( 1 ) *J<fcO' ( 2 ) ©3E8W*K 

[0044] 



* [R3] 



= (n. - n t ) / (r M /r + r^/r,) 



(3) 



[0 04 5] fccfctf 
[0 04 6] 



(r/n, + r^nj / (r. + r 4 ) 



(4) 



r . = mrnwm f >tt > y 6 ©¥& 
r , = rt fflijroiBKi e y > y 5 ©^a. 

[0 04 8] ^ -Y7'AC2 0 0 0©tttttC3lvr|2. 

(3) tfn L s ro t =0. 5801X (n. -n f ) 
(5) ttz<0 (4) #n L s t , . . . =0. 7 8 
80Xn. +0. 2120Xn, (6) 4&£„ 

[0 04 9] * +• U + 1 ©if'frM' A^raPga* 

gl^Tftg^&.'SP©. ±fln©^y^>^'"? F7(C*f 

x = (r a - r M }xcos<p + 



0 t?&£. *'J-»yiAC 2 0 0 OKis^i + t 'Jf 1 
©itaffiffl^J-CW. COR©fSa*2 0 0mmTft 

54<s^snri»s. 

[0 0 5 0 ] i*PJ<DiE»e>tf 'J^etcteo/c+i- u 
+ 1 ©$kI»Cc £ v) . HRj©^iP«*-rfi^iP' 
T5„ C©<E®.£P' «M(C|igUTP^e)ft®0?rfiSU 
TffiKOTHS. C©ilttttrtif--f Fttat4»JR 
TSC436J-C**. c©«fc 5 ^#(CJ:0»1 

[0 0 5 1 ] 
[&5] 



xcos[(px(r m - r u ) /r u ] (7) 



[0 05 2] fccfctf * C*8 3 

[0 05 3] * 

y = (r, - r M )x S in(J> - axsin[(px(r t 



(8) 



[0 0 5 4] Jcfcg^tfJl/hffiflURKJB* C4j&*T&5 flB©JB»K>#U ^yft^tcbrKUiStiS. ) . 
(r. - r L3 = r i + r L3 "CifcS C 4 5Cg-3£. 3 [0 0 5 5] jSPtfrt"!^ f O A K4tit©|S#0£jl-3 

£ffll»TfcJ8¥areJSB4te*. C©flte. * + V-HiF*I 50 tJSW^fSlKfllS- r . AfWHKL. C©C4«*P' 
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(D±M©W^Mtcwr S WIS* P ic*f U T*@*t Wft * 

n a ' = n. - n. = 0 
n o ' = n o - n m 
n ' = n 4 - n 



(12) 



*w = 



[0 0 5 7 ] *©ia^. r o = - n „ ' x t (1 
3) "C*0 (kL<&Jr u =-n« ' xt ; n„ 

-3l>fcfl©ffiHI> . *>o0 = nu a , , . n . ' xt 
(14) 

[0058] ^ (9) fcj; 0> r 0 = ( n » -n 0 ) x 
t (1 5) jWiSSIU :5£ ( 1 1) *5<fc^ ( 14) 
*S5 ( 1 ) CC»A^SCi4Cj;fp t 0 = - ( r L a /r 
.)xnLSro«xt (16) -hm 

[0 05 9] 5? (1 5) *sJ:tf5£ (16) SrtJCHLT 
Ol^tC-r-SCitCctO. r. = (n„ -n. ) x 0 x r 
. / (n L s , o « x r L s ) (17) tmh*\ 
x' = xxcos(-to) 



) ^20 0 3 -77 8 7 0 
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tfftKttfcftH. COfcabiCtt. J1-Pl<D|glltlt>tf 'J> 

[005 6] 
H»7] 

(9) 
(1 0) 

(ID 



[0 0 6 0 ] fttt>%. jftP*6lW-f fPW Filtt 
(5£ (7) fcJ:t>*5£ (8) ) Mfc+'McOt 

^xummtmwmr. i>mt>tiz. c©@isi!t& 

( 1 7) KJ:9 0©Wtt<!:L"t3i"*-C4*iT*a. 

— y£, - r. *cp^tCOTffi^lKx' — y' ^HIES 

[006 1] 
[&8] 



+ yxsin(-To) (i 8) 



y- = -xxsin(-To) + yxcos(-T 0 ) (19) 

[006 2] ±nW)P • P' ' «. 5$ ( 7 ) . ( 8 ) [0063] 
*J<fct>'5£ ( 1 7) *SC ( 1 8) *j£t>'5$ ( 1 9) tcJfA C»9] 



(9) 

15 

x' = xxcos(-t 0 ) + yxsin{-To) 
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(18) 



x' = {(r. - 


r M >xcos<p + axcoa[<px|r. - 


}xcos(-T 0 ) 


+ dr. - 


r„)xsirup - axsin[<px(r 4 - 


r J /r„]}xsin(-T 0 ) 


x- = (<r. 


- rJxcos<p + axco3[<px(r. 


- r„)/rj> 




x cos[ 


-(n. - nj x<pxr./ (r^^rj ] 






+ {(r. 


- rjxsincp - axsin[<px(r. 


- rj/rj} 




x sin[ 


-(n. - njx^xr./di^xrj] 




(20) 



-xxain(-to) + yxcos(-T 0 ) 



(19) 



{-{r. - r M )xcos<p - axcoslcpxfr, - r„) /rj )-xsin(-T„) 
+ ((*■.- r„)xsin<p - axsinl^xCr. - r u ) /r M ] >xcos (-to) 



V = {-(r. 


- r M )xcosq> - axcos[(px(r. 


- r„)/r„]} 


x sin [ 






+ <(r. 


- r tJ )xsin<p - axsin[ipx(r. 


- rj/rj} 


X cos[ 


-(n„ - nj xtpxr ,/ (n^, xrj ] 





(21) 



[0 0 64] CCDl^. (x' . y' ) W^i'd-^ 

Tl>£. 0 = O{Col^r«. x' = r. - r L a + &is 
Jrjyfy' = OjWsSSrt"*. 

[006 5] _hffiij© ( i> L < ttTflPJO) WJffi£fitC*f U 
"Cffl*tWtt^iP©3P«3ilffiV. (V. ) tt. £ <x' . 
y' ) <Z>&flM£ltts tfsg (20) *5J;0*5$ (21) £(£* 



*fflLT> fcifctfl* ©P^IPil-C. M>3 6 0" <D/h3 

(xj, yj ) feJ:?>* (x, . y, ) ©tSRUfefc^StS 
nst. * (x' , y' ) < 
[0 0 6 6 ] 



[» 1 0 3 



(22) 



[0 06 7] *s£vm® t «cKU,ra»s*ifc5s; < i * [ o o 6 8 ] 

6) * [Kill 

t - - (pxx B / (r^xo^J 



(16) 



[OOB93#»6. v=s/t(t>U<ttv. = s./ ★ 
tfccfctfv,, = s„/t) ★ 



[0070] 
[SU2] 



(Viu) / «pxr.) x£ [ (Xj ' - x t '] 2 



y l ') 2 ] M (23] 



[0071] tcMLxnmztim ausswfc©*H*> 40 

[0 07 2] imLtcimX. (2 0) . (2 1)*J«fc0f 
(2 3) K«fc»J. «LiI*^*Jj;J>*jSS<D#a*rfJSg<D^ . 
-^Ht^t/D^A (Tabellenkalkul 
at ionsprogr a mm) £fflt/>"t\ ^rti-^in-t 
^•{cffl^?£^%f I Xi'=i>f^-5f ( rpcj ) "CfrS 

[0 0 7 3 ] HtS>#JfUi, [gHEftn „ . n „ . n . . n 



crFflW©«THU5E*tt 6 Wcfl-ffliJfc <fc tfrtflPJ©lgSb f ># 

y«Ac 200 o-cm&fitwm-rztc&iciz. &T<om 



2003-77870 



a 0 




+10 . 


. +25 


r.p.m. 


n. = 


n . 




-10 . 


. -26 


r.pjn. 




v a 




-0,5. 


.-2.0 


m/sec 


P = 


v v 




+0,5 . 


.+2.0 


m/sec 





[0 074] 



[ 0 0 7 5 ] cn60^#TK, 0. 4-2. 0 Mm/ 

#©*> y 3 >»&&gvme>tiit. *w»o»rttrtt . 

F (Kit) £&flir£*:& 
0. 6 5-1. 8 Mm/^O&^iEKaWJ-r* 
•5>» fttcWWKtt. 0. 8 — 1. 5 u m/#©l&£31K 

[0076] &h®zw<DW&fe&mitbmmcmm*i 
firc*£4 3ft-ci,>&, #y*»^&3»?-r*±T©# 

8F3&»«3 4tt*ffl»WJ»«fcJ:ti«. Bft^afittflFSEEP 
*s <fc ov; =i > ^ * -/ <; ^> > y v>- 9 F©tB*fi£& 
vtC^bTibFUUTl^iSnr^-S (Preston 

cms) . cn«cj:ft«\ »*atffi*-je©@ei*tt«:*j 

[0077]#K, MfflflPJ-Cf^lErS^ffi. .fc4*.KPi 

aj#yi/>^©tB#. e©Stt*lR3ftfcttiit?LrtMse 

JflnJt&Klttfcftl*. ft-tfttfctf. P**«fctf/SfcBv. 

/v. ©f#*(c<fc&|&£M©fi±B. b«LB\ fc£ 
itfSFQR... 4Lrasns¥JBffi©.«fb*fc 
». vf^'-*? F_t-c©tmtta«c«fca^ 

*^*b-h©ii*£{#^3#TU$5fr6r#>£, 

[00781 ^(20) . S(21) (2 3) 

©^fflT&C, si^jt-Zn. . n„ . n. . n, ©a* 

©a*^to-tttc «t o . ±fflii*> o < btm©# y f>*>< 

» F fc*f LTffifcfttftjS P ©« * «^ ©ttatflrtSfc 6 Cf 
tctt * ©«*««* JBdW s c 4 afi-c z z> c 4 wm i 

ft. ^ofr©W s 04 a -09 f {CJS*»nrt>4. MS 

134 f tt&CFtcB7 a— 09 f ) 4, •WBtflM)^-^' 
»^KMe&fttettaUMIl (S5 a -0 5 f teJctfB 
6a-06f) 4*K8WSCi3&»t?#S. M 

(07a-19f) 4, tt&CCtf^Stlfc 
»ltt*Wr*lft« (H4b. 04 d, 04 f ) itcESiJ 

[0 07 9] fflD^miiffi^B. KiBUfcfgfflftT©!! 

•aR©'* y x-->3 >tc*»i»rjs»iw«:a^-rs. ttt 

ilfn. =5. 4r. p. m. feMn, =-16r. 
p. m. CCMUT. aT©3E«H«!K©«H"C. HCfc 



* [»13] 



+ 3. 



..+10 r.p.m. 
..-26 r.pm. 



10 2*^-^: n„ = 
n„ =-2 3. 9 6 r . 



n a 



20 



= - 1 



4SJU-^ 
n„ =- 1 

n„ =- 1 

n„ =- 1 

n„ =-11 



6 



n „ 



19. 4 8 r. p. m. *J<fctf 



= 17. 4 1 r . 
p . m. 



n. =16. 3 8 r . 
6 5 r . p . m. 

n„ =15. 7 6 r . 
0 3 r . p. m. 

n 0 =13. 2 8 r . 
55 r. p . m. 



n„ = 1 0. 1 7 r . p. m. 
—m*-7&> 05 a-05 f KSfoMTtfeO. 
-7"feJ:t>*4fi^-7 , ttia6 a~06 f fc8*»ftTl> 

•S. 

[0080] HC6ftfc*ijftfll*K»o;toSP • P' ' 
©jHMCfcO&SftS. ±T©^y^>^^'f FtC*fL 

r««»<ei"J x-^©jMbtt. * y 9* ? 

30 isy?'i > F«c*i6©*at»cfior#'J^>yjra* 
tcEEffl©««: . c © * y > iO* v F >Wfc© J/'Ja^f 

*-^K«fc-3T«Hi3na«nc+»K:3iii«-ttr» c©c 

#©«oliCf9^r, WBI«*3tifcJ/y3>*A:«*© 

cc<ty. i&£iti&©f£Tte£tfSB#fm£B> s"ja>9 

FfC*ttS$&©X F9-f ^©J^Ji5t«:o#i3iffiSna„ 

c*i6©j»*B4o*5w. «t*j*t»BJ*ait*f»*a« 

40 -C. teiitiiO. 10~0. 15^— JW»6 0. 1 8~ 
0.25 /t-^'sOSFMEOJf ^HJfiS n/cJg^-tcffi 

[0 0 8 1 ] *IBW*»S^fe©l@»©»rtT. 05 a 
-06 f tCJS**iTl>5J:5a. 6{C^0t»*>*/cB6 
fe^3*^-^»**-J"*. (BDWW!lllWI*A:B 
«KH D fc«iil^S*5|51ia 3 n -5 4 . WF'J -^W^ 

Jftfc^jtfiSSnSCi^Jofc. COCiB. /c4^.B 
IM6f>^y>^|51fE^n. =5. 4r. p.m. feJ; 
50 O'n, = - 1 6 r . p. m. OfWfciUt, ±T©W 



(XO 

19 

n„ ©«5ffl ± 0. 1-+0. 25r. p. 

m. ) ^leljS-r-SCifCjrDtf ^CiAit?^^ 0 ggfttt 

ft. c©±§^. -ocelli DiJusas^ffisnff^. Eg 

7a~@9 nc^ft/cm^lWcfc^T^/cSftTt* 
[0 0 82] 6J;0^^-7Wt^t:fclll 10 

®ffi*a$/cB«£KDfcmiiEffi*a«. *^±. 

[0 08 3 ] ##89JK£oTM£&S#2©&frtt, 

( £. ^fc, /c£*.B0. 10-0. 15^-;W^0. 

18-0. 25 ^-A<N©WJSff©fWBi«*a^Stt3 n 

-^©-H^KSt fc*tc B*«te £ £ c 20 

£##iH/c E^lBHOilSCcfcWi^ffil^-Cfi. is 
y 3 > 9 * - ^awifc <fc o r * + y 6 3 l * a $ ft 

tg#. c©t§^. -«KUi^y:3 

L £ 5 . C © J: -5 t£ffiffi£ff>--Wim 4 b {c*ji>Tj& 
9fC-o#7KS4i-Ct,^ 0 flitft^8©C©<fc J 5{C^e!] 
ttdll#¥««. tt«Wffii»W*5E«®li» (<1 

0. .. 12r. p.m. ) fc6OTCJEffla«fctt:'< 

rffl*fw«:wi»* * y ir-niltoisccfcu-r m^off s. so 

[0 0 8 4] LfeAS^T, fpRlKteStStS^&L 

tcw®# y ^>^{c*iW€.^ae ; &]SS)S/c8?)(c«. 

( fflDfclfciIilii*©fl!iK:. rtffliJ©IEWif>#y>^5©[fli 

tf&fcfctr*. Cft6 2o©£r#B. ±T© 

fcfcJ&fctffttftti&&l». ##£W©#I*I-CB. 3£ ( 2 
0)teJ:^(2 1) *«/flT a C £ K«fc 0 , £*©£ 5 

mfc^'fL-f&Z.ttfimffi.tUZ. &¥kW<DttMi%:1$.T . 40 
n 0 . n„ . n. . n , * 6© itfffii &•&£»©»*# 
fci*©#^©ja#^ctt#. ±iBSE&a>6HBS©teffltC*$ 
t,vtWMr*3£:fcffi;*ftSe£*^-ofc. 

[008 5] *isw*«F«#wacni5©*ff*fflt> 
r. ->y n>"5x-^©pfffiipy5/>y%± 1 . o— ± 

1. 8m/#©ifaiil&v. 6L<ttv. fcirtfO. 1 
8 — 0. 2 5/*— Jl/©Efr{C;fot,>T. 0. 8*$cfcEM. 
5 m m/^©J«gSWJSrl»*jafl[-Cff 5 C4*JT*4. PI 

•>il»ftfPa»«F» 1 9 9 0 5 7 3 7 ^ifflS©iatSfC 50 



^gfl2 0 03-7 7 87 0 
20 

cfcftB. fc£*.B0. 1 5^-A©BE*-C0. 5 5am 

/»©»*i»s*s»ar*s. 
[0086] nmmz . v y =j * -^©fHiM©®£ 
sum©® £ #> e w©*m*i»*-r acitccto^ffls 

ftffS. C©C£B. v. *$<fcO*v u #««gsb<iBtR 

ztitcm&ic. a*ei£©ffiartT*>ft3. l*»u v 

o teJ:O f v u ©jl^&iliRiCfc ») . ttfflj©®. fcifctf 
fflfflij©®^*.. <fc 9 a*<©*«4*»**-r* ££*>■?* 
&. CfttCj:?); ^flcWK-C*ay£W(SC^|»*«K** 

^•r. *fflj©ffiHc#&-rssBsr3tifcftfiJi^*©fi!i© 

M^H©M£«HSKSti«. ^£$£#6. ±T©*y 

3ft£»-&it«. H4b<*ftfcttiiii&l&. f* y 
-->^©fcft©^7^fw**©ttffl©fc«>K:fe> $ 
fcli^ ? h*3>fr>3-> y (DtOtXD, 5g5T e> 

ftfc* + y^©ffiffl©/c*(c^^ffl-r-2>c<h*i-c#a„ 
[0 08 7 ] me»tt*»j: vffi^ftttKiau-c^sn 
fc«fi£©^rtr«, wH#y^>^f-.»w 

[0 o 8 8 ] *y*»^ti. 5 o-i o 0©S@[ (-> 3 

TA) ©rfJJK©3j<y ^1/$>#'J-»^a-«j K^ffli^r 
'fffeft-S£W^J-C*-2>o COaPUi/^y^v KB. a* 

ji*ft^wt#yx^^i/*»Ni*wu'ci,»r «tt». f<) 

»l-5Sfi%©S i Oz ^6fiSSW^C»9. 5-1 

2. 5©pHfi*WTawfiBn*aBttfl9K«te-rac£ 

*sjft$l3fta. 

[0 08 9 ] ^y->>y^7 : -9 7 ,; S:i^73ti:a/cACC 
B. ^^(cfiiferJSEEtt©^^^^-^^®^® 
JBfb3ftttWfttfa:6ttl». aicsswottrtrtt. c©c 
£B. i *sfcB»«©«gHBfiS»**£rfr-ra 1 «© 
«#*«»^*3i». *A:BMKXK:«ai©iR(t*«ifrra 

C£tcJ:Dtf*>ti*£W*iJT*S. CftiC<tO. ->'J3 

>'5 ; c-/^©^i>^^3n/caa. mm*s£VMmm#m 
■c^ccsesfta. C©flte. -UStCB^ ^ ■» ^IJ* 
©*si»B/iS«w©o . 01-10 ®&%<Dmmmmw 

ti5^£^a„ — 1ffi*fcB^H©T>'U=i-Jl'. ^'JT>iU=i 
©. f^© i» 'J y-C^ pj#g£ & -5 1 «$ fcBK 

«©«w*{seffl-rac£*j»«c^rM"c*a. pi-©jss 
snji-ra, p] i; < wc#wa* h 9 ^ae©«fiSB. 
^^©twa^-^e© i a*fctt^a©^®* 
o. o i-i oa«96©«ed*rra. sio 8 ^ 

ft£ Lfc7KttW^iJ*ffi^-rac £T*a. 

^fc <fc o r BM*©Gy&©»TffcK:>i« y ~> > 6 

x^cc «t o ase s ft tc&wttwaz wr*^ •/=»>■?*- 
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mic i *j rawr jRowjeas-cttUj-r s c 4 or # 
wkD&'mi&skii* Vx-^omm* mmtoxv/ftta 

*\ &Ei&bJ:eF-e©(fe©. MWftJ"J3>aiH*»6ja 
MU^K©^**^*©*^*. 5Si*tciRSRSn& 

*irFKB»wj&r*ci*«»KaRi«c*. s etc, 

fciiLHEt&S. h#os?te<fciy t ^«3>*5*-^3> 10 
* mJROMHJE C 4 #«fl5£4 ft 

[009 1 ] ■?-^«F«ffttOA:*K:jplffl3tiScn& 
<D / < v p< - ¥ K m L T . #3MB tc J: 0 mm 3 ti 5/ U 3 

> * * - ^ b. fijoiteffRWK j: o mm s n/o y a > 

3EIA>*». *fct*£*i«fc9fc>J^Sl>SFQR. 20 

±. oorta^iStttf x-^£[ip${twsrt«4J&£Jra 
•fcS^&tcifc^r. iia©PliHtWl»*3rci"fe^^^i' 

ciW^, coc 4 «ia^© j£r880Wfc*ib*i*S:i» 
T-2>. 30 

[0092] wKDmmcmmLx. v x-»<Dmm<Dm 

mOi/yaXDHiTKS i0 2 4iftilfc7;WJ 

teWlfflW* ffiffl t/ ttio * y f > f » K *ffli » t: ff 
toft-SM^y S'^tcftrrc 4*yjStcft»)»*. Bff 
Mtci&CT. :/pfe*lt©ffi«©fliBf"Ci'y3> , 5x- 
^©gy&S£i£A-r-2>c:4#r£&. cntcjco. /c4 

^.MKt-«3^5^. glBffifite©*S.I.@©^ft 
L£>hti?>o mmcDM^tctbic^ 4 ft S— il 

fcw: ^ u a > * 6rs s x b- ^ + 

BCD. ^y3>?xw^fflJ®^©ts»£, «j 

#K»l6ttfc#8;K:«J: *J . a^ftfiPf"C^a-fe^«K:tt 
-feXgft©«*©«rr> fc4;U*x-y*>^<DmKC. "» 
±i>-ci*Z. so 



^gfl 2003-77870 
22 

[0093] mmiszvm 

ttMmto .fcOHWtt. £j£**-.rt/r 3 0 0 mmClS?: 

'J 3 > 9 * -^©Mffi# y y tcwt S 4> © 

T?* S. C y 3 > -5 x - ^ttStfatffctr&flSJC <fc 

v v il*.fmM-gW*p-c<Dx. 9 ?>yfc<fctfx s» y 

Sx>^tcJ;oTi?3iS3nr^-C, 8 0 5 /im©JS3£W 

-^SrJRST&fc&JC P V D F -< x> ^3 flfc^-ft 
fn3o©^t^-r5, f377 0amO^7->I/ 
**PA^6J&S5-3©** U+*ffll»T. 7 7 5 m 

m©a^jps{cSTfF^sn/c. #ys/>^A 9 K4u 

T«. ®S7 4 (i-' a TA ) ©TfTJ!S©*yxX7-JU^{b 
# «; $ u * >rC » F $ ft*. TktxTOffJtt S i o 

* 31i%*^fLtUt, 1 1. 5©pH{B£*rUT 

[ o o 9 4 ] * y mi\m. m cenmr 
cc yy-fey>i^ffi%> ^^^-;i/ma%*jj:^ 
®rst4?fj 0.07 Sfi%£^r-<r 6 ^ h » TWtftte s 

-c© gm^^te ct i^^^ffimatcs^* fwr z>v* 

* h yfflij^nflrr©^*^ h y«ii3©5*tftonyt. c -5 o 
Ttoffl3n/c^x-^^gi*i!t-rfc8t)©*fl»r^i«. m 

ft^>0*fc2 5mmx2 
5mm©ffitST-(CWr-S0. 1 2 (im©D-Mt-f h 
?fflgSFQR„ . » *i3i^3nr^€.C4-C*>ofc 0 

ctifeoftffftWfc b-ri/»fti^> »; 3 x ^ 

B5*5<fcO'^y-»^©^(c>'>;=i>'?x-^©J13?:iiJ 

«goi»*iaffi*iM3e-rsci*»t?**. ->y3>^x 

-^©^Ete^O'gffiKteW^I&ifiO^Ci. b"-*1f 

c©«£\ tf-7-+>i/©^3^*y^>ymr4i< 
y sx> ^4K^n-etisns^tc <fc *) ®imz tat. 
[0095] aromu. ami 1-3 ( = vi-v 

3 : 04 f ©«litft^tCtaS) te«fcO*^l~3 

(=B1~B3 ;H7a~09 f Ottitft*«CfflS) 5C 
Mt4iSi!3:^a-fe^f-f*aLTl^. HiitftiEi© 
fca&OlfelW^fr (a) 6CC^Ut»^*/c«6 ctO 4> 

(b) «rt<m©iga&t >«y>^5©ii^s«:ifu^ 
*\ i/cti-e-nj: 0 4>/jNSftft^s^#ftLft^c 4 

ftsx y 3 > x -^(DWim&mcm hxzn^txwm u 
-ci>ftwn«ft6fto^. 

[0 09 6 ] 
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iromi <rnni> trfmv irolrm ( ri§nj tri$n*>" iromi iriirru SHft 


VI 


4-10.0 -10.0 +4.0 -19.0 13.34 -0.B8 -0.71 +0.69 (a) 


V2 


+13.3 -11.6 +5.4 -16.0 12.41 +0.86 -0.81 +O.90 lb) 


V3 


+19.5 -15.7 +5.4 -16.0 12.41 +0.86 -1.22 +1.17 lb) 


Bl 


♦ 16.0 -13.0 +5.4 -16.0 12.41 +0.86 -0.99 +0.99 <a) + <b) 


B2 


+20.0 -20.0 +4.0 -19.0 13.34 -0.88 -1.37 +1.35 lat + (b» 


B3 


+23,0 -15.5 +4.0 -19.0 13.34 -0.88 -1,57 +1.05 <a} + (b> 



[0097] iEiSU/cT'a-te^ttSrfflU-C. *S<7» 

ya^^-^jWfiiisftfc. corns. srffinEE* 



0 y3>^x-^©M. RS = ~>y3>^x-/%©8® 

[0 0 9 8 ] 
[^2] 





















mssat 
























VI 


0.125 


0.4B 


15/15 


yes 


no 


1.15 




0.150 


0.54 


15/15 


yes 




1. 24 




0.200 


0.68 


mmzn-r 


no 


yes 


» 1 


V2 


0. 150 


0.58 


14.5/15.5 


no 


yes 


» 1 


V3 


0.125 


0.58 


15/15 


yes 


no 


1.00 




0.150 


0.63 


15/15 


80 % 


no 


1.21 




0.200 


0.82 






yes 




Bl 


0.150 


0.67 


15/15 


yes 




0.90 


B2 


0.125 


0.66 


15/15 


yes 


no 


0.89 




0.150 


0.79 




yes 




0. 81 




0.200 


1.02 


15/15 


yes 


no 


0.68 




0. 225 


1.10 


scean-r 


95 * 


no 


0,72 


B3 


0.150 


0.76 


16-S/13.S 


yes 


no 


0.82 




0.200 


0.97 


17/13 


yes 


no 


0.71 



[0 0 9 9 ] ±%mfrhte. «>y 3>^x-M£Wffi# 
>)^>#?Ztc&<D*mWtcJ:Z?imK 0. l 5;<- 

[0 1] Mffi# 'J lsyt?<Dtclb<D 3 f£©-> 'J 3 > x - 
J^MS-? ZtctiXD* +• *£^1«g0-C*.5. 
[0 2] 0 1 tC^L/c* + U ©^ffcfi^MStf y 

[03] 02CC^U/c# , ;^>^-C > J^US/^^sr 

Ktc*t L-cffifcfHrtef 3 >^ x ~^©aH»©fc*>K« 

[04a] J±i80lJ 1 «C to S . 6 f*©JHE«Flffl«©±ffl!l 

[04b] JtSSffl 1 K teW 4 . 6 9oaiE^mfft®TM 
©* y ~> > ^ f «c*t o rtattWtt s/ y a >•> « - ^ 
©m^E&^£^-3-tfiBS0-t* * * . 

[04 c ] Jtt8091 fcfcWS. 2 0#©SMEI5IBIfft©± 

fflj©^ y is>>f>* f test i/ -etas* w & y 3 > 5 * - 



30 "owtfflgt^ttMar**. 

[04 d ] ib«« l Kfctfi. 2 0#®ilU£BSfffl&©T 

m© * y » * f k» u -effittrntef y 3 > 9 x - 

[ H 4 e ] H£8 W 1 K to W S . 12 0 f)HDM®mm&<D 
_hffli|©tf y ^> ^ v F K*f OTffifcffl'Jft f'Ja^i 

-^©ttitii«*^-r«wsiar**. 
[04 f ] j£»w 1 tease**. 12 o#©a^raf^© 

TiM©# y ^> » LTtBWMci/ y 3 x 

-^©ttiiiflrtB*^-r«wiar* a. 

40 [05a] ittt« 2 ic to W & . 6 #©Si£H#Rm£©±M 

©# y > y/t v f tc*f 0 r fflfct Wtt y 3 x 

[05b] jttaw 2 tc tow -5 . 6 womfommoyrm 
©# y > #n F &c*t u r tmmte y 3 > 9 x - 

[05 c] Jt80l2'CtoW3. 2 o#©B»srafft©± 
fl.ij©# y 9* -j f cc*t l r ra*fw& y 3 > ^ x - 
^©m^ft^ ; &^-riiiBS0-r* s„ 

[05 d ] tb®M2tCtoWS. 2 0»©iIIEI«IIII«fflT 

50 fflij©^ y is^tfrt v f teat L-cffl*fw«cs/ y=i>"**- 
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[ 0 5 e ] bb®M 2 fttett S ; 12 0 &®9l3$m«4> 

±iinj©# y » so* ? f K*t u r mtton & y =» > f * 
^©m^ft^^-rw^r * 5„ 
[a 5 f ] jtt8092 i 2 0 #©jM0$lflltft© 

TflJ©* y ^> ^ * Rt*f u-cta*fW£r> y a x 

[06a] imm 3 {C *5 » 5 . 6 1*© 3HE«f M«©±flPJ 

©# y > *o< » f tc*t u -rf sstffjft j/'ja^*-^ 
©«iiiiai»*^-i-«BSiat:**. io 

[06b] Jrb^CT 3 K*i » 2> . 6 #©»E!5IH»©Tffl 
©# y 2/ > £0< v F tC>Pt L Tffifcf Wte !/!l3>->x-/> 

[06c] ttl&fli 3 fC *J W £ . 20 #©iI(EBSIBI»©± 
{ffj©# y > ao*« F K*f UTWWWftV y a > •> * - 

i ^©mmiSf§*£^TOTS0-c&s. 

[ 0 6 d ] fcHSHfl 3 S . 2 0 #©jffl£B$flHt8©T 

ffiij©# y > > ao* v F test L-ctB*tifl£r> y a > •> * - 

[0 6 e ] tfc$&0l3 tefcys, 12 0#4>9flS3nfft© 20 
_hffl©# y f> v Kfc# UTffiWWtti' y * 

*-/N©«i^ft^*^-r«tDS0r * s„ 

[ 0 6 f ] J±$$0>J 3K*}tf5. 12 0 #©atSKlFWI«© 

Tflffl©* y » » F tc st b r fflwwa: y a > x 
— 'N©*fiiiift«*^-r«iSiaT * 

[07 a] WllCtotfi. 6»©aMEB#IHia©±ffli|©^ 

y > > so>- v f test 0 ■c=ra*fw& > y => > f * -^©*Ji 

[0 7 b ] W 1 icfctfS. 6#©jSfcB*ra«©TfflJ©# 

y ^ > 4fJ* V F fcSt l> "ft S2tWft l"j3>!>s-^Ct 30 
[H7c]«lK*J»4. 20 #©3lisH#raf&©±fSW© 

3i< y *✓> so* pccst brtffiWWftf y a > •> * -/>© 

[ 0 7 d ] 1 ictett £ . 20 #©«$5B#58ft©Tffl'J© 
# y » SO* 9 Ftc*t LTtBSttfJ&S-' y a x -'>© 

«titi!Wi*^j-«wsH-c*s. 

[H7e]«lK*jtt4. 120 #>©iHi B#IHHfc©±ffll 

©# y > > sot 9 F test u r ffl*r w«c j/iia>y*-« 
©«iiift*i^-r«{BS0-c*s o 40 
[0 7 f ] m 1 ictew*, 12 o#©aigB^fg©Tf»i 
©# y so< 9 f test 1/ -ctiStttfc '>'J3>^-^ 
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©tt»i&8*ijvr«i«ia'r* 5 . 

[0 8 a ] m 2 ttte W -5 . 6 fj>©iHK«Flffl«©±flB©JK 
y > SO< v F test U -CfflfcfWtc y a > ^ x w*©«i 

[ 0 8 b ] M 2 fcfctt £ . 6 #©®ltel$ffl&©Tffl!l©# 
y ~> > SOS F tc^t L TtBJttoft j"j3>-J*-;>o(k 

[08 c ] m2 tCfcWS. 2 0#©&f£B$ra&©±ffli]© 

# y ^> do-c FCcSt u-c+sstw^o 'J a x -^© 

[08 d ] m2 CCfcWS, 2 0#©S!|gB$ra^©TffliJ© 

^ y y^- 9 Ffcst u-cflwwas' y a > x -^© 

[H8e]«2Kis»4. 120 »© iME^IHIft©± WJ 

©d< y > » f ccst b xmtmtz > y a > f * - ^ 
©«iiitftia*^-r««nar'* s . 

[08f]^2tCteWS < 120 #©MISB#raf^©Tffl"] 
©tf y > v F «C*f b TtBJt Iftfr ^'J3>^w> 

©«iiaiftai%^r«Ei8iar*a. 

[0 9 a ] m 3 KfeW 6 . 6 #©ai£B$Rlii£©±P]©tf 
y is > ^ -» >• v f test U TtBSt Wj: 5s y a > 0 x - ^©m 

^ft^^^-rmiS0-cs>s. 

[09 b] 093tCteW<5. 6#©il«EB#r^©Tffl'I©^ 

y > y^- 9 f (est l> rmmn is y 3 > ^ x -^©m 

[0 9 c ] 0U3 fCfctt 2 0 0©aKI^IBia©±flPJ© 
4< y v KKS* LT^ffittWtti/ y a > -5 x 

[ 0 9 d ] M 3 (C*5 W £ . 2 0 ;$©j!3£l$ra?&©TPJ© 
^ y i/^s 9 FKSt UTfB>ttfi t j£r> y a > x -^© 

[0 9 e ] W3 GCfcWS. 1 2 0 #©SfgB^ra^©±PI 
©^ y > v F KSt U TtBSt toft 5/ 'J n > 3 « - /\ 

©*utfli**w-r«WHt?**. 

[09f]^3CC*iWS > 120 #© jlltoB#mf^©TPI 
©# y ~> > SO* 9 F (cSt b T*B2tfcJ& 

©«.affi«*^r«BSHt?**. 
[^©IttW] 

1 *+y+. 2 WW©*5>J. 3. 4 MP. 
5. 6 w*e>#y>y. 7 #ys/>^» f. 

8 «lillffii^ 
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